ARCHIVES OF DISEASE IN CHILDHOOD.
rickets. The children with chorea and 'those suffering from rheumatic infections were receiving daily 90 grains of sodium salicylate and 180 grains of sodium bicarbonate. These drugs, however, were omitted during the day of the test. Group II was further subdivided according as to whether or not it was possible to break the tolerance (Tables I and II) . The test was discontinued when the child was actively sick with an amount of glucose larger by 1 grm. per kgrm. of body weight than that tabulated. Seven of the children could not be induced to take more glucose than that recorded because of the fear that they would be sick.
The glucose, in amounts varying from 1 to 11 grm. per kgrms. of body weight, was given in place of breakfast after an all-night fast. The urine was collected afterwards for 4 hours at hourly intervals and tested for sugar with Fehling's solution. When there existed any doubt about the result the phenyl-hyd&azine test was also carried out.
Group I. Glucose tolerance test in 28 ' normal ' children. Table I gives the details of the four cases in whom glycosuria was produced, and of these A.H. is the only one whose sugar tolerance can be said to be markedly reduced. This patient was examined daily for glycosuria for a period of two months, but the tests were always negative, and he never showed any symptoms of diabetes. The blood sugar curve after 22 grm. of glucose reached a value of 0 208% in one hour, but fell below the fasting level in 2 hours. The tolerance in the other three cases was broken with quantities of glucose equal to 4, 5, and 6 grm. of glucose per kgrm. of body weight respectively. did not show any sugar in the urine (Table IV) been able to ingest larger amounts of glucose, their sugar tolerance would also have been broken. In 5 of the 11 cases (54%) glycosuria resulted with amounts of glucose varying from 1 to 7 grm. per kgrm. of body weight. II. THE BLOOD-SUGAR CURVE AND RENAL THRESHOLD. The effect of a large quantity of glucose on the blood-suigar curve of 10 apparently normal children was studied. The details of the results are given in Table V . Eight of the children were recovering from an attack of chorea, one (Case 6) was convalescent from rheumatic arthritis and another (Case 5) had recently been treated for tapeworm, but dutring the period of study there was no sign of segments or ova in the faeces. All the children with one exception (Case 5) were receiving 90 grains of sodium salicylate and 180 grainls of sodium bicarbonate daily, but this was omittedI on the morning of the day of the test. On one occasion, by inadvertence, a child received 15 grains of sodium salicylate and 30 grains of sodium bicarbonate immnediately after the glucose had been given. The blood-sugar curve obtained on that occasion did not differ in any marked degree from that obtained when the test was repeated with glucose alone. Duriing the perio(I of study the children were confined to bed and received the routine mixed diet. One granmme of glucose per kgrm. of body weight was givein for the first test, and some days later, for the second test, a total of 100 grm., excepting in cases 8 and 10 where 121 and 88 grm. were given respectively. MacLean's 6 method was used to estimate the blood-sugar values. The urine was collected, wNhere possible at half-hourly intervals, and tested for the presence of sugar.
The generally accepted normal fasting blood-sugar value in the adult lies between *0700 and .120% with ain average valute of *100%. Bass7 found in a series of normal children that the fasting level did not differ from that of adults. In the cases reported here the fasting value of the blood-sugar varied from .0670% to *1660%, the average being *1060%. Only three children gave fasting values a.bove the accepted adtult maximum valuie of *120%. Each of these latter cases was observed for a period of three months in hospital, but duiring that time presented ino evideence of disturbedl carbohydrate metabolism.
In one (Case 9) the high value of *152% was exceptional, since oni eight other occasions on which the fasting value was estimated, it *was found to lie between .0820/o and *103°,. (luring a falling blood-sugar, produtces a very slight (if any) secondary rise. This is usually explained oIn the hypothesis that the carbohydrate storage mechanism of the body is already mobilized an(1 able to deal immediately with the second quantity of glucose. Since many of the workers including MacLean and De Wesselow9 have used fasting periods of only 3 to 5 hours, it may be that the carbohydrate storage mechanism was in their cases not yet demobilized and( could deal qutickly with any glucose ingested, hence the mnore rapid fall to fasting level recorded by these workers than was found in our series in which the fasting period was either 8 or 15 hours. It has not, however, been universally accepted that the fasting level should be reached within 2 hours. Some observers accept 3 hours as the tinme interval, and HaleWhite and Payne8 suggest that a value of *120% is quite within normal limits at the end of 2 hours.
With the larger amounts of glucose somewhat different results were obtained. The maximum value obtained was very much higher, the average value being -25%, and the maximum and minimum *341% and *184% respectively. The maximum value was attained in 5000 of the patients at a time later thanA was the case after the small dose of glucose. In only one instance (Case 6) was a curve produced resembling that describedI by MacLean6 for adults after 50 grm. of glucose. AMacLean and De Wesselow9 maintain that in normal individuals the height of the curve cannot be raised above the maximum *18% by large doses of glucose, though the fall may be delayed.
Hale-White and Payne 8, however, report blood-sugar curves rising above *180% with doses larger than 25 grm., and Fosterlo quotes 3 cases where the blood-sugar curve rose to *214% in 30 minutes, .204% irn 35 minutes, and *201% in 45 minutes respectively after 100 grm. of glucose. Gray3 in his analysis found in 300 normal cases a large number in which the blood-sugar curve rose to values between .20% and *25% with 100 grin. of glucose.
From the relationship between the blood-sugar level and the glycosuria in this series of inormal children, the renal threshold would seem to be very high in comparison with that obtaining in the adult. The average value of the renal threshold in all the cases lies above .2380oA In Cases 8, 9 and 10 the value can be fairly definitely fixed. In Case 8 it is above .246%; in Case 9 it lies between .268% and *341%; and in Case 10 between *216% and -286%. The test, with the larger dose, was repeated 4 and 6 days later in Cases 9 and 10 respectively. The resulting blood-sugar values were not so high as those obtained with the previous test, and nio sugar appeared in the urine. Besides enabling a more definite value to be placed on the renal threshold in these two cases, these results point to the variability of the tolerarnce for glucose in the same child on different occasions. The values .296% and *310% in Cases 5 and 7 respectively are exceptionally high.
It might be said that the blood-sugar did not remain at these high levels sufficienitly long for sugar to appear in the urine in amounts possible of letection by ordinary clinical tests. Buit in Cases 2 and 3 the level of the 1)lood-sugar was above *200 Qo for at least one .l -hour, in Case 1 for one houir, in Cases 5 and 7 for 2 hours and in Case 9 for 3 hours. It can be seen, therefore, -180%; Olmstead and Gay1' and Graham12 place it at -190%. Hale-White and Payne8 suggest that .20% would be a more reasonable value to consider as the maximum normal renial threshold. MacKay 13, who examined the blood-sugar of 44 patients during anaesthesia, found that of 30 subjects who developed glycosuria, 37% had maximal blood-sugar values of less than *180%.
In 14 of the cases in whom glycosuria was not produced, 86% had maximal values varying between *180% and .386%. In the estimation with the maximal rise of .386%, the blood-sugar remained above -200% for 4 hours without any sugar appearing in the urine. MacKay" suggests that the renal threshold may vary considerably in different individuals, and Greenwald, Gross and Samet14, who also subscribe to this view, think that the threshold may vary in the same individual at different times. Graham The examples from the literature quoted above show that a higher renal threshold than *180% does exist in the normal adult and that it may be even above -20%, but no cases have been described where, after ingesting glucose, such typically diabetic curves have been obtained as are described in the present series of cases, where 80% showed a high renal threshold and diabetic type of curve. It must be remembered, however, that blood-sugar curves, following amounts of glucose relatively as large as those given to the children in this present series (i.e., roughly 4 grmi. of glucose per kgrm. of body weight), have rarely been estimated in the adult. It is therefore possible that if the adult could,take such relatively large amounts (240 grm.) without nausea and sickness, the blood-sugar could be raised in a proportion of cases to an unduly high level without the production of glycosuria. The renal threshold in the majority of diabetics lies well above .20%, and it has generally been assumed that this has been raised above the normal. In the normal child there is obtained after large amounts of glucose a blood-sugar curve which resembles that met with in diabetics after a small quantity of glucose. It might be suggested, therefore, that in a certain number of cases of diabetes mellitus the level of the renal threshold for sugar has not been raised but is at its normal level.
SUMMARY AND CONCLUSIONS. 1. In children, apparently normal as far as carbohydrate metabolism is concerned, so-called 'sugar tolerance ' is very variable. In most cases glycosuria cannot be produced by any amount of glucose that can be ingested
